N-doped TiO 2 were prepared via ball milling process with different operating times and annealing temperatures. Commercial TiO 2 anatase powders used as TiO 2 precursor were dispersed in ammonia solution for nitrogen source. Ball milled TiO 2 powders at various times were annealed in nitrogen atmosphere at different temperatures. Physical properties and surface morphologies after ball milling process were monitored by X-ray diffraction (XRD) and scanning electron microscope (SEM). The component of samples was characterized by energy-dispersive X-ray spectroscopy (EDX). The active surface area of the samples was investigated by Brunauer Emmet Teller method. SEM result indicated that large particle of TiO 2 precursor could be reduced via ball milling process leading to high active surface area by the increase of milling time. XRD result showed the crystalline structures of TiO 2 after milling process and nitrogen annealing were identical to TiO 2 precursor structure. Meanwhile, the appearance of impurity phase in TiO 2 precursor was also depreciated via ball milling process with ammonia solution and annealing under nitrogen atmosphere.
INTRODUCTION
TiO 2 is mostly as a multipurpose material for numerous technological applications due to wide band gap energy, low cost, non-toxic, reusable, highly resistant for chemical corrosion and chemical stability under UV light. High efficiencies in chemical, mechanical and optical properties, TiO 2 has been considered as various utilizations for example, dye sensitized solar cells, self-cleaning, photocatalysts and reducing pollution in the environment [1] - [3] . However, TiO 2 mechanism is limited by fast recombination rate of electron-hole pair and light activation under visible light. Many attempts have been endeavored to overcome these problems by reducing band gap energy. One effective method is non-metal doping into TiO 2 particle due to the band gap narrowing of TiO 2 non-metal was led to enhance catalytic activity of the TiO 2 under visible light. Narrowing of band gap by non-metal such as nitrogen or sulfer [4] , [5] . M. Jalalah et al. reported that red-shift of TiO 2 optical absorption edge toward to 2.8 eV was occurred by sulphur (S) doping in commercial TiO 2 P25 prepared via ball milling technique [6] . G. Xin et al. reported that nitrogen (N) doping in TiO 2 was synthesized via the combination of titanic acid and graphitic carbon nitride followed by annealing at 500 °C. High photocatalytic activity under both UV and visible light was obtained by Ndoped TiO 2 photocatalyst comparing to pure TiO 2 [7] . Nitrogen has always considered as first choice for non-metal dopant due to chemical stability, low cost and non-poisonous. Other method is the decrease of particle size in nanometer range and the increase of active surface area that resulting to the retardation of electron-hole pair recombination. For example, C. Shifu et al. reported that nitrogen-doped photocatalyst TiO 2 was prepared via ball milling process in NH 3 solution. Red shift of photoabsorption wavelength of sample about 20 nm and high intensity of photoabsorption in visble range were obtained by the influence of nitrogen in the samples. This result related to the superiority of photocatalytic activity under visible irradiation by N-doped TiO 2 photocatalyst. Moreover, the reaction by TiO 2 photocatalyst may be gradually increase by the increase of milling time, the amount of nitrogen doping in TiO 2 [8] .
Commercial TiO 2 anatase powder in large particle size was used as precursor material in this work. The use of commercial TiO 2 was instead of TiO 2 P25 because of its high cost. However, the occurrence of low surface areas, large particle size and high contamination in commercial TiO 2 were obtained. Therefore, reducing particle size and its impurity of commercial TiO 2 grade were noticeably challenged. The reduce of particle size is mostly carried out via break-down method beacause of its used less energy and simply method [9] . Ball-milling process is one of versatile methods that can be used to reduce particle size from microscale to nanoscale. The particle can be reduced its sized by rupturing from the impact of grinding media. The aim of this work is proposed to reducing commercial TiO 2 size via ball milling process with ammonia (NH 3 ) solution at various operating time and annealing in nitrogen atmosphere at different temperatures. NH 3 loading is proposed to a source of nitrogen relating to the enhancement of active surface area and the retardation of TiO 2 particles aggregation. Meanwhile, heat treatment is one of parameters that enhancing photocatalyst reaction and improving its surface area by removal of impurities [10] . The influences of milling time, NH 3 additive and heat-treatment temperature on the physical properties, active surface areas of TiO 2 samples were investigated.
EXPERIMENT
Commercial TiO 2 powder from Shanghai Jianghu Titanium White Product Co., Ltd was used as the starting material. Ammonia solution was chosen as a source of nitrogen. The ball milling experiments was carried out at room temperature in a horizontal planetary ball mill by using zirconia balls with a diameter of 2 mm and 5 mm (55% of ball volume in the reactor). TiO 2 powder was loaded in the ball milling reactor with zirconia ball followed by adding 40mL of NH 3 . After ball milling process, the precipitations were washed with ethanol and dried in an oven at 80 °C. Ball-milled TiO 2 powders were annealed under nitrogen atmosphere at 200 and 300 °C for 1 h with heating rate 1 °C/min. Finally, the white powder of N-doped TiO 2 were obtained. The structure and morphologies of samples were characterized by X-ray diffraction (XRD) and scanning electron microscope (SEM). The component of samples were characterized by energy-dispersive X-ray spectroscopy (EDS/EDX). The active surface areas of milled powders were measured by Brunauer Emmet Teller (BET) method. Fig.1 00-041-0192) . The presence of impurity phase may be remained after mineral synthesis. XRD patterns of ball milled TiO 2 with ammonia at different milling time are similar to pure TiO 2 . The intensity of TiO 2 main peak at 2 = 25.33° after grinding gradually decreased by the collision between the materials and balls that resulting to the reduction of crystalline size after long milling period. These results imply that TiO 2 particles may be structure is insignificantly changed by ball milling process with [8] .
RESULT AND DISCUSSION
The effects of ball milling time with NH 3 solution and different annealing time under nitrogen gas are depicted in Fig. 3 (a)-(e) . As-received commercial TiO 2 powder shows the agglomeration in large structure approximately 800 nm as illustrated in Fig. 3 (a) . Observing to Fig. 3 (b) and (c), TiO 2 particle sizes after milling time at 24 and 48 h were drastically reduced in range of 100 -200 nm comparing to as-received commercial TiO 2 . The rupture of TiO 2 powder was obtained because of the impact between ball hitting and TiO 2 particles. The optimized time for the smallest particle size is milling time at 48 h. This result showed that the decrease of particle size can be obtained by the increase of time period in ball milling process. Meanwhile, different annealing temperatures under nitrogen atmosphere were studied for the effect of TiO 2 particle size. The sample after ball milling process for 48 h was annealed at 200 and 300 °C as shown in Fig. 3 (d) and (e). The morphologies of the sample after annealing process tended to aggregate in cluster form. It may be originated from high thermal energy in annealing process. Therefore, thermal energy provided during annealing process initiates the agglomeration of TiO 2 particles to produce strong crystallinity in material. From these results, milling time is the main parameter for the effect on N-TiO 2 morphologies. EDX mapping image of N element in TiO 2 via ball milling in NH 3 for 48h followed by annealing at 200 °C is illustrated in Fig. 4 . N element was also detected in the samples with/without annealing. This initial result indicated that NH 3 solution was used as good nitrogen source for the incorporation of nitrogen in TiO 2 via ball milling process. However, the amount N element in TiO 2 sample under annealing at 200 °C decreased. The absence of N element may be originated form thermal evaporation or diffusion in TiO 2 structure. These phenomena will be investigated by other special techniques. The surface area measurement was carried out by Brunauer Emmet Teller (BET) method shown in Fig. 5 . The surface areas of samples after milling time at different times were investigated in range of 0-24 h. The initial result revealed that the active surface areas of ball milled TiO 2 at 24 h was obviously twice increased comparing to asreceived commercial TiO 2 . This result indicated that the reduction of particle size and the increase of active surface areas may be obtained via long time period in ball milling process. Meanwhile, the increase of surface area can be performed by the presence of NH 3 on TiO 2 surfaces. Because NH 3 plays role as the prevention of active surfaces from contacting and agglomerating during milling process that resulting to high surface areas [11] . 
CONCLUSION
Commercial TiO 2 can be reduced the particle size from large particle by ball milling process in ammonia solution. TiO 2 particle size after milling for 48 h obviously decreased in range of 100-200 nm approximately four times comparing to as-received TiO 2 powder relating to XRD and SEM results. XRD pattern of TiO 2 after ball milling with NH 3 additive and annealing under nitrogen atmosphere also showed similar structure comparing to TiO 2 pre-cursor. These results reply that TiO 2 structure is stabilized and insignificantly changed with these parameters. Meanwhile, high purity of TiO 2 powders were obviously occurred due to the influences of the increases of milling in NH 3 solution and annealing under nitrogen atmosphere. This phenomenon interpreted from the depreciation of impurity phase. Moreover, surface areas of samples were enhanced by the increase of milling period and NH 3 additive on TiO 2 surface. Therefore, the effect of TiO 2 morphology may be influenced by the impact from ball milling process and the depersion of NH 3 additive.
